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Specification 

A wiring structure and a method for manufacturing the same 

Field of the invention 

The present invention relates to a multi-layered wiring structure of a 
semiconductor device and a method for manufacturing the same, more in 
detail, to the multi-layered wiring structure constituted by a trench 
wiring structure (damascene wiring) in which a film with dielectric 
constant lower than a sihcon oxide fihn is used as an interlayer insulation 
film, and the method for manufacturing the same. 

Description of the Related Art 

For the purpose of fully describing the level of technology at present, all of 
each description on the patents, patent applications, patent pubUcations 
and the scientific papers cited or specified in the present application will 
be incorporated herein referring to them. 

Conventionally, aluminum or aluminum alloy is broadly used as the 
electrically conductive material in a semiconductor large-scale integrated 
circuit. Also, a silicon oxide fihn (SiOz) is broadly used as an insulation 
film between wirings and an interlayer insulation film. 

Then, in accordance with miniature of manufacturing process it has been 
required to suppress or reduce delay of signal transmission in the wiring, 
lb this end a copper (Cu) has been used as the electrically conductive 
material having a low wiring resistance. 

Further a silicon oxide film including low dielectric constant material and 
pores in an insulation film between wirings and an interlayer insulation 
film has been used to reduce parasitic capacity between wirings. 

However, it is known in the wiring having copper as a main component 
that diffusion of Cu in the insulation film including silicon (Si) and a 
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silicon oxide film is faster than AI. 

From here onwards, it is necessary to form a diffusion barrier film, so 
that penetration of Cu into a semiconductor element including a 
transistor, deterioration of the dielectric strength voltage and so on are"" 
prevented, thereby securing credibility to the semiconductor element. 

In forming the damascene wiring structure using Cu, simplification and 
cost down of the process are necessary. In addition, the practical 
application of the dual damascene wiring and the process for interlayer 
insulation film with a low dielectric constant using dual hard masks are 
proposed. 

The above mentioned multi-wiring structures, for instance, are disclosed 
in Japanese laid open patents (unexamined) 2002 11869 (Fig. 4) and 
2001-007204 (Fig. 3). 

Then, in the following, the conventional damascene wiring will be 
explained referring to the drawings. First, the conventional type of an 
oxide film dual damascene wiring is explained as the first embodiment. 

On a SiN film 801 of a substrate (not shown) forming a semiconductor 
element thereon, as illustrated in Fig. lA, there is provided with an 
under layered wiring having a SiOz film 802, a Cu film 803 and a Ta / 
T^N film 804. Further on the under layer wiring there are provided with 
a SiN film 805, a Si02 film 806, SiON fihn 807, and a Si02 film 808 in the 
order of description. 

I 

i Then, as illustrated in Fig. IB, a dual damascene trench 809 is formed 

i using photo resist and reactive ion etching. 

i 

As to forming processes of the dual damascene trench, a via first process 
and a trench first process are well known. The via first process is a 
process forming a trench pattern in which the via is opened at first and 
then photo resist is coated on the upper surface of the opened via. On the 
i other hand, the trench first process is a process forming a via pattern in 

which the trench is opened at first and then photo resist is coated on the 

i 
I 
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upper surface of the opened trench. 

Then, as iUustrated in Fig. IC, a Ta / TaN film 810 with 30 nm in 
thickness is deposited on the whole surface by the PVD (Physical Vapor 
Deposition) method. Then, a Cu seed layer with 100 nm in thickness is 
deposited by sputtering process without air exposure as it were. Then, Cu 
is deposited by the electrolytic plating method, and then a Cu embedding 
811 is formed by heat treatment for 5 to 30 minutes in a range of 

temperatures at 200 to 400 

Then, as illustrated in Fig. ID, surplus Cu is removed (Cu-CMP) by 
grinding through CMP (Chemical Mechanical Polishing) method, and a 
second Cu wiring 812 is formed. 

lb form electrically conductive barrier layers used for these damascene 
processes, metal such as titan (Ti) and tantalum (Ta) and its nitride with 
comparatively high melting points, or their layer stack are used because 
these used in barrier layers have high preventive performance to Cu 
diffusion, good adhesion between undercoat insulating material and a Cu 
wiring portion, and thermal stability in the process and so on. 

In the first conventional embodiment provided with those structures, 
miniature wiring is necessary, in which both of wiring width and 
diameter of via holes are less than 0.1 Mm, in accordance with the scaling 
down of LSI. Particularly, increase of capacitance between wirings has 
become a serious problem that causes wiring delay, increase of the cross 
talk and increase of the electric power consumption. Accordingly, it is 
desired to reduce capacitance between wirings by means of replacing the 
interlayer insulation film SiOz with low dielectric constant material. 

The semiconductor device thus manufactured includes a following 
problem. 

In the first conventional embodiment, the side surface and the wiring 
bottom where Cu wiring is formed, is overlaid by a barrier metal film 
having resistance properties to Cu diffusion, that is indicative of 



i 



PCT/JP2004/007791 



4 



preventing Cu diffusion into the insulation fihn and achieving high 
credible wiring. 

Many kinds of material conventionally used for the barrier metal film are 
formed through the PVD method typified by the sputtering process as 
mentioned above. However, scaUng down of wiring trench width and 
diameter of the via hole in accordance with miniaturization of the 
semiconductor element, makes difficult to uniformly deposit the barrier 
metal in thickness on the wiring side surface, wiring bottom, the side 
surface of the via hole and the bottom of the via hole. Namely, it has been 
desired to form the barrier metal film using a process other than PVD 
method. 

The general solution to this problem in the field of the technology is to 
form the barrier metal film by means of the CVD (Chemical Vapor 
Deposition) method or ALCVD (Atomic Layer Chemical Vapor Deposition) 
method. Through the above methods a technique is used that makes 
possible to improve coverage in the barrier metal film and to form the 
barrier metal uniformly to the microscopic wiring trench and via hole. 
Those forming methods make it possible that a barrier metal layer with 
high quality is deposited uniformly in the wiring trench and via hole. 

On the other hand, introduction of the film with porous and low dielectric 
constant to the interlayer insulation film is underway In order to connect 
or switch semiconductor elements at high speed and low electric power 
using multi-layered wiring, it is effective not only to miniaturize, but also 
to make the interlayer film with low dielectric constant. Therefore it is 
required to satisfy both of them. 

For reducing the effective capacitance between wirings it has been 
requested to lower the dielectric constant in the interlayer insulation film 
(silicon oxide film in this case (k=4, 2)). The low dielectric constant films 
are, for instance, HSQ (Hydrogen Silsesquioxane) film, MSQ (Methyl 
Silsesquioxane) film, CDO (carbon Doped Oxide) film or porous film of 
them, which are formed by the rotary coating process or the CVD method. 
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These low dielectric constant films have a feature of low density, in which 
a pore opening is more than 1 nm. In case that the wiring is formed 
through forming a wiring trench or a via hole in the low dielectric 
constant film and then embedding a metal wiring, there causes a problem 
that liquid, gas or dissimilar metal easily penetrates from the winng 
trench or the side surface of the via hole into the insulation film. 

Thus, in the case of forming the metal wiring through embedding porous 
insulation films, the following serious problems may occur. 

First, because of having irregularity of the pore hole exposed on the side 
surface, discontinuity of the barrier metal is induced so that diffusion of 
Cu occurs, and as the result there occurs a problem that msulation 
credibility of the porous insulation film deteriorates. 

Second, in case that for instance, an electrically conductive barrier metal 
is deposited using a process utilizing reaction by gas as in the CVD 
process mentioned above, raw material of the gas easily penetrates from 
the wiring trench or the side surface of the via hole into the porous 
insulation film, so that the barrier metal layer supposed to be formed in 
the trench or the side surface of the via hole separates out inside the 
insulation film, and as the result there occurs a problem that leakage 
current, insulation resistance property and insulation credibility 

' deteriorates. 

I 

I Third, in case that the low dielectric constant film has porous property, 

' moisture, gas and dissimilar metal outside easily penetrates from the 

' wiring trench or the side surface of the via hole into the porous insulation 

' film, and as the result there occurs a problem that insulation credibility 

' of the porous insulation film deteriorates. 
I 

' Though the conventional technology to such the problems approaches to 

' barrier the side surface of the porous insulation fihoa with an insulation 

' film, there are still problems in the conventional technology which will be 

' described in more detail referring to Figs. 2A to 2F. 
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There are the following problems in the semiconductor device utilizing a 
technology (refer to Fig. 2A) which barriers the side surface of the porous 
insulation film with non-porous insulation film. 

(1) First, in case of forming an insulation film on the side surface of the 
porous insulation film and further using inorganic substance as the 
insulation film overlaying the side surface, the relative dielectric constant 
of the inorganic substance, which is generally in the vicinity of 4.0, is 
larger compared with that of the porous insulation film. Accordingly, 
there is a problem that capacitance between wirings increases when only 
using a material with the relative dielectric constant high (refer to Fig. 
2B). One of the typical technical documents including such a problem is, 
for instance, Japanese laid open (unexamined) patent 2002-64140. So, 
there has been desired a technology enabling to barrier the side surface of 
the porous insulation film without increasing capacitance between 
wirings. 

(2) Second, in case of forming an insulation film on the side surface of 
the porous insulation film, it was difficult to form organic substance with 
low dielectric constant. Generally, the organic substance is often formed 
on a substrate by means of the rotary coating process. However, in case of 
the technology about polyimide described in, for instance, Japanese laid 
open patent 2001-332543, and the organic substance described in 
Japanese laid open patent 2003-347290, it was difficult to uniformly and 
with well coverage form the organic substance with degree of 10 nm in 
thickness on the side surface of the wiring trench or the via hole (refer to 
Fig. 2C). Accordingly, there has been desired a technology enabling to 
form the organic substance which suppresses to increase capacitance 
between wirings on the side surface of the wiring trench or the via hole 
imiformly with less than 10 nm in thickness. 

(3) Third, in case of forming an insulation film on the side surface of the 
porous insulation film, there was a problem that it was difficult to form 
the organic substance only on the side surface and to form fine wiring 
configuration with high control performance. For instance, in the 
technology described in Japanese laid open patent 2004-6748, there are 
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problems that the porous mm damages, and the organic substance is 
eUminated during the reactive ion etching (refer to Fig. 2D) when 
securing connection with the underlayered wirings, so it was very 
difficult to actually apply to the side surface of the fine wiring with less 
than 100 nm in width. Accordingly, there has been desired a technology 
enabling to form a wiring configuration with high control performance in 
the ultra fine wiring and to fully barrier the side surface of the porous 
insulation film with the insulation film. 

Fourth, in case of forming an insulation fihn on the side surface of the 
porous insulation fihn, there was a problem that the sectional area 
reduces and as the result wiring resistance increases, because an 
insulation film is formed on the bottom of the wiring trench as well as the 
side surface when fully protecting the side surface of the porous 
insulation film (refer to Fig. 2E). Typical technical documents including 
such a problem are, for instance, Japanese patent No. 003323005 and 
Japanese laid open patent (unexamined) 2003-668850. So, there has 
been desired a technology enabhng to form the insulation film only on the 
side surface of the wiring trench or via hole with high control 
performance. 

(5) Fifth, in case of forming an insulation fihn on the side surface of the 
porous insulation film and further utilizing a fluorocarbon film and etc. 
described in Japanese laid open patent 2000-174019 as the insulation 
fihn overlaying the side surface, there was a problem that adhesiveness 
between the metal wiring and the porous film reduces because of 
generating degasification from inside the films (refer to Fig. 2F). So, there 
has been desired a technology enabhng to barrier the side surface of the 
porous insulation fihn without reducing adhesiveness between the metal 
wiring and the porous film. 

Summary of the invention 

Accordingly, the present invention is to provide a metal wiring structure 
and a method for manufacturing the same, wherein the metal wiring 
structure prevents diffusion of Cu into a porous insulation film, holds 
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leakage current between the wirings at a low level, keeps insulation 
credibility to be high and constitutes high integrated circuit with high 
credibility by overlaying a side surface of the metal wiring with an 
insulation barrier layer when a fine metal wiring having Cu as a main 
component is formed inside the porous insulation film. 

The first aspect of the present invention is to provide a wiring structure 
wherein the wiring structure is so constituted that, in a wiring structure 
of multi-layered wiring in which a plurality of unit wiring structures are 
laminated, the unit wiring structure having at least one metal wiring and 
at least one metal connection plug formed by filling the metal into a 
wiring trench and a via hole formed in an insulation fihm on a substrate 
forming a semiconductor element, at least one of the unit wiring 
structures includes an insulation barrier layer with organic substance 
inserted between at least one of the metal wiring and the metal 
connection plug, and an interlayer insulation film, at least a portion of a 
side surface of at least one of the metal wiring and the metal connection 
plug being overlaid by the insulation barrier layer. 

The insulation barrier layer can further include a silicon atom. 

The metal can be copper, the metal wiring can be a copper wiring and the 
metal connection plug can be a copper connection plug. 

An interlayer insulation fihn in which a first insulation fihn, a porous 
insulation fihn and a second insulation fihn are laminated in series, is 
formed on at least one of the copper wiring and the copper connection 
plug, at least a portion of a side surface of at least one of a wiring trench 
and a via hole formed through the first insulation film, the porous 
insulation film and the second insulation film being overlaid by the 
insulation barrier layer including the organic substance, and carbon 
content of the organic substance being preferably larger than that of the 
first insulation film and the second insulation film. 

An interlayer insulation film in which a first insulation film, a third 
insulation film, a fourth insulation film, a porous insulation film and a 



PCT/JP2004/007791 



second insulation film are laminated in series, is formed on the copper 
wiring, at least a portion of, a side surface of a wiring trench formed 
through at least the second insulation film and the porous insulation film 
and a side surface of a via hole formed through the fourth insulation film, 
a via interlayer insulation film and the first insulation film being overlaid 
by the insulation barrier layer including the organic substance, and 
carbon content of the organic substance being preferably larger than that 
of the first insulation film, the second insulation film and the fourth 
insulation film. The insulation barrier layer can further include silicon 
atoms. It is preferable to include sihcon atoms in the insulation barrier 
layer including the organic substance in the range smaller than that of 
the first insulation fihn, the second insulation film and the fourth 
insulation film. 

It is preferable that relative dielectric constant of the porous insulation 
film is no greater than 3.0. 

It is preferable that the third insulation film and the fourth insulation 
film are made of the same material. 

It is preferable that the insulation barrier layer including the organic 
substance is made of organic substance including Si-0 binding. 

It is preferable that the insulation barrier layer including the organic 
substance is organic substance including silicon in the range of 1 atm % 
to 10 atm %. 

It is preferable that the insulation barrier layer including the organic 
substance is made of a film of Divinyl Siloxane Benzo Cyclobutene. 

It is preferable that the insulation barrier layer including the organic 
substance is made of a fihn of Divinyl Siloxane Benzo Cyclobutene the 
first insulation fihn is made of a SiCN fihn, the second insulation film is 
made of a Si02 film and the porous insulation film is made of a porous 
SiOCHfilm. 
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It is preferable that the insulation barrier layer including the orgamc 
substance is made of a fihn of Divinyl Siloxane Benzo Cyclobutene the 
first insulation film is made of a SiCN fihn, the second insulation film is 
made of a SiOa fihn, the porous insulation film is made of aporous SiO tH 
film, the third insulation film is made of a porous SiOCH film and the 
fourth insulation film is made of a Si02 film. 

It is preferable that the insulation barrier layer including the orgamc 
substance is made of a film of Divinyl SUoxane Benzo Cyclobutene the 
first insulation film is made of a SiCN film, the second insulation film is 
made of a SiOz film, the porous insulation film is made of a porous SiOOH 
film, the third insulation film is made of a nonporous SiOCH film and the 
fourth insulation film is made of a Si02 film. 

It is preferable that the insulation barrier layer including the organic 
substance is made of carbon, silicon and organic substance. 

It is preferable that the first insulation film and the second insulation 
film are made of the same material. 

It is preferable that the first insulation film and the second insulation 
film are made of the same material and made of either one of SiCN. bit., 
SiCNH,SiCH and SiOCH. 

The second aspect of the present invention is to provide a wiring 
structure wherein the wiring structure is so constituted that, in a winng 
structure with a multi-layered wiring formed in an insulation film on a 
semiconductor substrate, which is provided with a metal winng including 
Cu as a main component formed through a porous insulation film and a 
second insulation film laid on the porous insulation film, and a first 
insulation film formed on the second insulation fihn, the first insulation 
film and the second insulation fihn, are made of the same material. 

It is preferable that the same material constituting the first insulation 
film and the second msulation film is made of either one of material 
including sihcon carbide as a main component, material including sihcon 
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nitride as a main component and material including siHcon carbonitride 
as a main component. 

The third aspect of the present invention is to provide a method for 
manufacturing a multi-layered wiring in which a plurality of umt wiring 
structures are laminated, the unit wiring structure having a wiring and a 
connection plug formed by filling metal including Cu as a main 
component into a wiring trench and a via hole formed in an insulation 
film on a substrate forming a semiconductor element, the method 

including the processes of, 

a process for forming a first insulation film directly contacting on the 
copper wiring or the copper connection plug and a porous insulation film 
laid on the first insulation film, 

a process for forming a second insulation film laid on the porous 

insulation film, 

a process for forming a wiring trench or a via hole in the second 
insulation film and the porous insulation film, 

a process for forming an insulation barrier layer including organic 
substance at upper surface, side surface and bottom surface of a wiring 
structure sectioned by the wiring trench or the via hole, 

a process for etching back the insulation barrier layer including 
organic substance and removing the insulation barrier layer including 
organic substance remaining on the upper surface and bottom surface 
portions of the wiring structure, and 

a process for embedding a metal film in the wiring structure trench or 

the via hole. 

It is preferable that the insulation barrier layer including organic 
substance is formed by the plasma polymerization method. 

The fourth aspect of the present invention is to provide a method for 
manufacturing a multi-layered wiring in which a plurality of unit wiring 
structures are laminated, the unit wiring structure having a wiring and a 
connection plug formed by filHng metal including Cu as a main 
component into a wiring trench and a via hole formed in an insulation 
film on a substrate forming a semiconductor element, the method 
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including the processes of, 

a process for forming a first insulation film, a third insulation film, a 
fourth insulation film, a porous insulation film and a second insulation 
film by laminating in series on a copper wiring, 

a process for forming a wiring trench in the porous insulation film and 
the second insulation film, 

a process for forming a via hole in the third insulation film and the 

fourth insulation film, 

a process for forming an insulation barrier layer including organic 
substance at upper surface, side surface and bottom surface of the wiring 
structure sectioned by the wiring trench and the via hole, 

a process for etching back the insulation barrier layer including 
organic substance and removing tlie insulation barrier layer including 
organic substance remaining on the upper surface and bottom surface of 
the wiring structure, 

a process for removing the first insulation film on the bottom of the via 
hole in the wiring structure, and 

a process for embedding a metal film in the wiring trench and the via 

hole. 

It is preferable that the insulation barrier layer including organic 
substance is formed by the plasma polymerization method. 

The following improvement of the technology can be achieved by applying 
the present invention constituting the (multi-layered) wiring structure 
and the method for manufacturing the same mentioned above. 

(1) First, in the wiring structure of the type with copper embedded in 
which the fine wiring trench or the via hole formed in the porous 
insulation film is filled, multi-layered wiring with high insulation 
property and insulation credibility can be obtained by overlaying the side 
surface of the porous insulation film with the insulation barrier layer 
including organic substance. 

(2) Second, the processing performance of the wiring trench in utilizing 
the reactive ion etching is improved, and makes it possible to easily form 
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the insulation barrier layer uniformed only to the side surface by means 
of controlling composition so as to include sUicon and include carbon 
mul lre I the range less than the first insulation film the se^nd 
Lulation film and the fourth insulation fihn in the .nsulat.on barner 
aver overlaying the side surface of the wiring. As the result, the 
SCered wiring can be obtained with improved performance m 
S^entog diffusion of copper and high credibility to dielectnc strength, 
voltage. 

(3) Third, the adhesiveness between the porous insulation film and the 
metal wiring can be held at high level by overlaying the side surface of 
the porous insulation film with the insulation barrier layer As the result, 
the multi-layered wiring can be obtained, which has high resistance to 
electro migration of Cu wiring and stress migration. 



(4) Fourth, the insulation barrier layer made of organic substance and 
having an ultrathin film no greater than 10 nm in film thickness can be 
easily formed with weU coverage by utilizing the plasma polymerization 
method when forming the insulation barrier layer on the side surface of 
the porous insulation film. As the result, increase of effective capacitance 
between wirings can be prevented, and both of wiring performance and 
credibility of wiring insulation can be satisfied. 

(5) Fifth, because penetration of raw material of gas into the insulation 
film is suppressed by overlaying the side surface of the porous insulation 
film with the insulation barrier layer, it is possible to uniformly deposit 
the barrier metal with high quality using the CVD or ALCVD method 
even in the fine wiring no greater than 0.1 nm. 

(6) Sixth by using the same material for forming the first insulation film 
and the second insulation fihn, leakage current between wirings reduces 
and consequently the multi-layered wiring with high dielectnc property 
between wirings can be obtained. 

In accordance with the present invention mentioned above, damascene 
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Wiring structure using the porous insulating material with low diele^ 
constant is easily formed, and is fuUy applicable to mass production. Also 
it is possible to easily manufacture the multi-layered wiring structure 
having a fine structure, high performance and high credibihty. 

Brief description of the drawings 

Figs lA to ID are partial and vertical cross sectional views showing a 
series of processes in a first conventional method for manufacturing a 
semiconductor device. 

Figs 2A to 2F are partial and vertical cross sectional views of a 
semiconductor device for explaining problems in a conventional 
semiconductor device. 

Figs 3A to 3F are partial and vertical cross sectional views showing a 
series of processes in a method for manufacturing a semiconductor device 
in accordance with a first embodiment of the present invention. 

Fig 4A is a partial and vertical cross sectional view showing etching of an 
insulation barrier layer of a semiconductor device in accordance with a 
first embodiment of the present invention. 

Fig 4B is a graph showing relationships between carbon content inside a 
film and etching rate in the direction of Y regarding etching process of the 
insulation barrier layer illustrated in Fig. 4A. 

Fig 4C is a graph showing relationships between siUcon content inside a 
film and etching rate in the direction of X regarding etching process of the 
insulation barrier layer illustrated in Fig. 4A. 

Fig. 4D is a graph showing relationships between carbon content inside a 
fUra and etching rate regarding etching process of a cap film illustrated m 
Fig. 4A. 

Figs. 5A to 51 are partial and vertical cross sectional views showing a 
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series of processes in a method for manufacturing a semiconductor device 
in accordance with a second embodiment of the present invention. 

Fig 6A is a partial and vertical cross sectional view showing etching of an 
insulation barrier layer of a semiconductor device in accordance with a 
second embodiment of the present mvention. 

Fig 6B is a graph showing relationships between carbon content inside a 
film and etching rate in the direction of Y regarding etching process of the 
insulation barrier layer illustrated in Fig. 6A. 

Fig 6C is a graph showing relationships between sOicon content inside a 
film and etching rate in the direction of X regarding etching process of the 
insulation barrier layer illustrated in Fig. 6A. 

Fig 6D is a graph showing relationships between carbon content inside a 
film and etching rate regarding etching process of a cap film illustrated m 
Fig. 6A. 

Fig. 7A is a partial and vertical cross sectional view showing a 
modification of the semiconductor device iUustrated in Fig. 51, m 
accordance with a third embodiment of the present invention. 

Fig. 7B is a partial and vertical cross sectional view showing a 
modification of the semiconductor device Ulustrated in Fig. 7A, m 
accordance with a third embodiment of the present invention. 

Fig. 7C is a partial and vertical cross sectional view showing a further 
modification of the semiconductor device illustrated in Fig. 7A, in 
accordance with a third embodiment of the present invention. 

Fig. 7D is a partial and vertical cross sectional view showing a further 
modification of the semiconductor device iUustrated in Fig, 51, m 
accordance with a third embodiment of the present invention. 

Fig. 7E is a partial and vertical cross sectional view showing a further 
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modification of the semiconductor device iUustrated in Fig. 7B, in 
accordance with a third embodiment of the present invention. 

Fig 7F is a partial and vertical cross sectional view showing a still 
further modification of the semiconductor device illustrated in Fig. W, in 
accordance with a third embodiment of the present invention. 

FiRs 8A to 8F are partial and vertical cross sectional views showing a 
series of processes in a method for manufacturing a semiconductor device 
in accordance with a fourth embodiment of the present invention. 

Figs 9A to 9F are partial and vertical cross sectional views showing a 
series of processes in a method for manufacturing a semiconductor device 
in accordance with a fifth embodiment of the present invention. 

Fig lOAis a schematic representation showing a cross section structure 
of a first sample for measuring leakage current of a semiconductor device 
in accordance with a sixth embodiment of the present invention. 

Fig lOB is a schematic representation showing a cross section structure 
of a second sample for measuring leakage current of a semiconductor 
device in accordance with a sixth embodiment of the present invention. 

Fig IOC is a schematic representation showing a cross section structure 
of a third sample for measuring leakage current of a semiconductor device 
in accordance with a sixth embodiment of the present invention. 

Fig 11 is a graph showing measurement result of leakage current 
corresponding to the first to the third samples illustrated in Fig. lOA to 
Fig. IOC, of a semiconductor device in accordance with a sixth 
embodiment of the present invention. 

Figs 12A to 12D are partial and vertical cross sectional views showing a 
series of processes in a method for manufacturing a semiconductor device 
in accordance with a first comparative example. 
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Fig. 13 is a graph showing a comparative result on initial dielectric 
strength voltage of each wiring structure. 

Fig. 14 is a graph showing a test result of TDDB (Time Dependent 
Dielectric Breakdown) between wirings. 

Best mode for conducting the present invention 

Then, the embodiments of the present invention will be described in 
detail referring to the drawings. 

(First embodiment) 

Now, a wiring structure on the first embodiment of the present invention 
will be described. Figs. 3A to 3F are partial and vertical cross sectional 
views showing a series of processes in a method for manufacturing a 
semiconductor device in accordance with a first embodiment of the 
present invention. 

As illustrated in Fig. 3A, in the wiring structure in accordance with the 
first embodiment of the present invention, there is formed a Cu wirmg 
structure on a etch stop film 401 of a fourth insulation film laid on a 
substrate (not shown) forming a semiconductor element. The Cu wiring 
structure is constituted by a porous insulation film 402, a hard mask 403 
of a second insulation film, a insulation barrier layer 406 and a first Cu 
wiring 404 enclosed by a barrier metal film 405. 

Further there is formed a first insulation film 407. Then, there is 
laminated a via interlayer insulation film 408 of a third insulation film on 
the first insulation film 407, and on the via interlayer insulation film 408 
a fourth insulation film 409 is deposited. A porous insulation film 410 is 
deposited on the fourth insulation film 409, and on the porous insulation 
film 410 a second insulation film 411 is deposited. 

In the case, the first insulation film 407 has a role of a cap film 
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preventing oxidation of the Cu wiring, and the film 407 is made of at least 
one or more layers of silicon carbide, compound of them, organic 
compound including carbon or hydrogen in the compound of them or 
compound laminating them, and in some cases it may inc^de oxygen. 
The film 407 is,- for example, made of SiC. SiCN, SiNH. SiCNH and so on. 

The fourth insulation films 401 and 409 have a role of etch stop^ 

The filmB 401and 409 are, for example, made of S1O2 film, SiC film, biLN 

film and SiOCHfihn. 

The second insulation films 403 and 411 have a role of hard mask fiJm 
which protects the porous insulation film when etching and Cu-CMP. The 
films 403 and 411 are, for example, made of Si02 film, SiC fibn, SiCN film 
and SiOCH film. 

In the description below, the first insulation film, the fourth insulation 
fihn and the second insulation film are inscribed on the surface such as a 
cap fihn, an etch stop film and a hard mask fihn respectively, m 
accordance with each role. 

The insulation barrier layer 406 is made of a layer of organic substance, a 
layer including silicon, carbon and organic substance, a layer of organic 
substance including Si-0 binding, a layer of organic substance including 
silicon in the range of 1 atm % to 10 atm %, and so on. It may be, for 
example, made of a fihn of organic substance formed by the plasma 
polymerization method or formed by the plasma polymerization method 
using DVS-BCB as raw material, such as BCB (Benzocyclobutene: 
hereinafter called as BCB). This is described in detail later referring to 
Fig. 3C. In addition, the chemical formula shown here does not reflect 
ratio of the chemical composition. 

Also, it is preferable that the porous insulation films 402 and 410 are at 
least one or more porous films with a low dielectric constant, for example, 
the relative dielectric constant being 2.0 to 3.0. The typical examples of 
such films are a HSQ (hydrogen Silsesquioxane) film, a MSQ (Methyl 
Silsesquioxane) film (for example, JSR-LKD™, ALKAP™, IPStm. 
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HOSFW) an organic polymer film (SILRTm, piareTM). or SiOH. SiOC (for 
example, Black Diamond™. CORAL™. AuroraULK™. Orion™ and so on), 
or an insulation film including organic substance in them, or a film with 
the porosity rate increased by adjusting the forming condition, for 
example, the substrate temperature or composition of the raw material in 
case that the porosity rates of those fihns are less than the desired values. 

Also it is preferable that the via interlayer insulation film 408 is at least 
one or more films with a low dielectric constant, for example, the relative 
dielectric constant being 2.0 to 3.0. However, the via interlayer insidation 
film 408 is not necessary to be porous in case that enough low capacitance 
between wirings can be obtained by the porous insulation films 402 and 
410. Accordingly, the typical examples of the via interlayer msu^atio" mm 
408 are a HSQ (hydrogen Silsesquioxane) film, a MSQ (Met^l 
Sisesquioxane) film (for example, JSR-LKD™ ALKAP™ IPS™. 
HOS?™) a organic polymer film (SiLK™, Flare™), or SiOH, SiOC (for 
example. Black Diamond™, CORAI.™, AuroraULK™. Orion™ and so on), 
or an insulation film including organic substance in them, or a film with 
the porosity rate adjusted by adjusting the forming condition, for example, 
the substrate temperature or composition of the raw material m case that 
the porosity rate of those films are not the desired values. 

According to need, in the porous insulation film 402 and 41, and the via 
interlayer insulation film 408, there maybe laminated or inserted, or may 
have a compositional distribution in the direction of the film thickness 
such as a sihcon oxide film, a silicon nitride fihn. a silicon carbide film or 
a silicon carbonitride film formed by the CVD process. 

Also, the first Cu film 404 is made of metal including Cu as a main 
component, and it may includes, according to need, dissimilar metal such 
as Ti, Sn. Zn, AL, or it may be inserted by Ta, Ti, W, Si and nitrogen 
compound of them or laminated film of them(not shown) with a given 
method. 

Then, as illustrated in Fig. 3B, a dual damascene wiring trench 412 is 
formed in the interlayer insulation fihn using photo resist and reactive 



PC7r/JP2004/007791 



20 



ion etching. 

Then, as iUustrated in Fig. 3C, an insulation barrier layer 413 made of 
irgaiiic substance is formed on whole surface, namely, t«er surface 
of the hard mask 411, the side surface of the wiring rench 412, and the 
upper surfaces of the cap film 407 and the etch stop fibn 409. 

In the case, the insulation barrier layer 413 is such as the layer made of 
organic substance, layers made of silicon, carbon and orgamc substance, 
the layer made of organic substance including Si-0 binding or orgamc 
substance including siHcon in the range of 1 atm % to 10 a m %. It is 
preferable that those include carbon content much more than the content 
of the hard mask fihn. the etch stop film and the cap film and to include 
silicon atoms in the range less than the hard mask fihn, the etch stop fihn 
and the cap fiilm. 

In the case, the insulation barrier layer 413 can be formed, for example, 
by the plasma polymerization method. For example, such as a BCB ti^m 
and BCB compound can be utihzed for the insulation barrier layer 413^ 
which are formed using DVS-BCB as the raw material. The BCB 
compound means, for example, the compound formed by mixing BCB 
known in lEDM Processing, 2003, Kawahara et al, ppl43. and etc. with 
two kinds of raw material or more. 

Further it is better that the thickness of the stacked insulation barrier 
layer 413 is in the vicinity of 0.1 to 100 nm, preferably 1 to 20 nm which 
prevents to extremely narrow the trench width to a fine wiring trench. 

Then, the insulation barrier layer 413 is etched back, as illustrated in Fig. 
3D In the case, a preferable etching back for controlling process 
performance of the fine wiring is to selectively remove only the msulation 
barrier layer 413 laid on the wiring trench and the bottom of the via 
without exposing the upper surface of the porous insulation fihn 410. 

The etching back process for the insulation barrier layer 413 will be 
described in detail from the view points of etching rate and amsotropy m 
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etching, taking the reactive dry etching by mixed gas of CH2F2 / N2 / H2 
system, as the example. 

Fie 4A shows the etching direction of the insulation barrier layer 413 in 
wLh the Y direction defines the etching rate in the bottom PorUon^^^^^^^^ 
wMng trench, and the X direction defines the etching rate in he side 
TxSace Fig. 4B shows dependency of the etching rate m the direction of Y 
0 carbon content in the insulation barrier layer. For example, in case of 
carbon content of the hard mask film 411 and the etch s^p "9 w^^^ 
10 atm % or less and carbon content of the insulation barrier layer 413 
with 40 atm % or less, the hard mask fihn 411 and the etch stop film 409 
could remain without removing. Accordingly, the etching can be processed 
without exposing the upper surface of the porous insulation film 410. 

Further, through including siUcon in the insulation barrier layer 413 with 
organic substance, wiring processing can be more precisely controlled 
because of suppressing the side etching. Fig. 4C shows dependency of 
etching rate in the direction of X to silicon content. However with regards 
to etching for removing the insulation barrier layer 413 formed in the 
bottom of the wiring trench, the insulation barrier layer 413 formed m 
the side surface and in which the organic substance does not include 
silicon at all, tends to unintentionally disappear by side etching because 
etching rate in the direction of X is large. In the case, it is possible to 
reduce the etching rate in the direction of X. and to suppress the side 
etching by allowing silicon at 3 % to include in the insulation bamer 
layer 413, for example. On the contrary, in case that processmg 
performance is controUed taking into consideration of both of the etching 
selection rate and the anisotropy in etching, it is required that the 
insulation barrier layer 413 includes silicon atoms in the range less than 
the hard mask film 411, the etch stop film 409 and the cap filni 407. 
because the etching rate in the direction of Y reduces when sihcon is 
included in surplus 

Then, as illustrated in Fig. 3E, the cap film 407 at the via bottom is 
etched. In the case, a preferable etching of the cap fihn 407 for controlling 
process performance of the fine wiring is to selectively remove only the 
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cap film 407 at the via bottom without removing the insulation barrier 
layer 413 at the side surface. 

Here, reactive dry etching by mixed gas of CF4 / Ar./ 02 system will be 
described in detail as the example. Fig. 4D shows dependency of etching 
rate to carbon content in the film. For example, in case of carbon content 
onhe h "d mask film 411 and the etch stop film 409 with 5 atm o/o carbon 
content of the cap film 407 with 20 atm % and carbon content of the 
insulation barrier layer 413 with 40 atm %, the insulation bamer layer 
413 formed in the side wall of the wiring trench could remain without 
removing because the etching rate of the cap film 407 easily becomes ten 
times or more to the rate of the insulation barrier layer 413. 

In the case that the cap film, the etch stop film and the hard mask film 
are the same material, the processing configuration can be controlled 
with the conditions that the eteh step film and the hard mask film are 
larger than the cap film in thickness, or have a structure laminated 
thereon by material lower than the cap film in carbon content. 

Thus it is possible to form the insulation barrier layer 413 to the side 
surface of the wiring trench by controUing ctehing rate based on carbon 
quantity included in the insulation barrier layer. 

From the above mentioned, the optimal insulation barrier layer for 
forming a insulation barrier layer in the side surface of a porous 
insulation film is the insulation barrier layer including carbon content 
much more than the hard mask film, the etch stop film and the cap film, 
and is the insulation barrier layer including silicon atoms in the range 
less than the hard mask film, the etch stop film and the cap film. 

In the case, the insulation barrier layer 413 may be formed in any other 
portions in which a connecting portion is opened to the under layer as 
long as the performance of the semiconductor is not influenced badly. 

Then, as illustrated in Fig. 3F, the second Cu film is embedded in the 
formed wiring trench so that the Cu wiring 415 overlaid by the bamer 
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metal 414 is formed. In the case, the barrier metal film 414 is preferably 
made of metal such as Ti, W or Ta, or nitride metal, or lamination of 
metal and nitride metal. For example, a film laminated by Ta / Ta N is 
better For forming the barrier metal 414, any one of the CVD method, 
the PVD method and the ALCVD method can be used because the side 
surface is overlaid by the insulation barrier layer 413. In addition, 
because the insulation barrier layer 413 is inserted between the porous 
insulation film 410 and the barrier metal film 414, adhesiveness of those 
films is high enough to prevent the fihn from peehng in the CMP. 

In the case, for embedding Cu there are used such as the PVD method, 
the lonized-PVD method, the CVD method, the plasma CVD method, the 
electrolyte plating method and non-electrolyte plating method. Any one of 
them can be used, or any combination of them can be utilized. Forming 
method for Cu does not Umit the present invention. 

Also, the Cu wiring 415 is made of metal including Cu as a main 
component, and it may include, according to need, dissimilar metal such 
as Ti, Sn, Zn, AL or it may be inserted by Ta, Ti, W, Si and nitrogen 
compound of them or laminated film of them (not shown) . 

For example, in order to include dissimilar metal into the Cu wiring, 
there is provided a process in which a Cu layer with about 30 to 100 nra in 
thickness is formed as the seed layer, into which dissimilar metal is 
included in advance in the range of 0.1 to 5.0 atm % by the PVD method, 
thereafter embedding Cu using electrolyte plating method, and then 
including Cu into the wiring by heat diffusion. 

The credibility to insulation between wirings was evaluated with regards 
to the Cu wiring thus manufactured. There was applied an electric field 

stress of 2.5MV / cm at the temperature of 125'C to the comb like 

evaluation sample having the wiring distance of 100 nm, the facing 
length of 1 cm and the via hole diameter of 100 nm, so that stress time 
dependency of dielectric breakdown was measured. For the use of 
comparison two samples were made. The one is formed with a BCB fihn 
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as the insulation barrier layer on the side surface and the other is not 
formed with the BCB mm as the insulation barrier layer on the side 
surface. The MTF (Median Time To Failure) of insulation Me was 
improved about 5 times and the incipient failure greatly reduced by 
forming the BCB film in the side surface. 

According to yield evaluation of the via in the Cu wiring thus 
manufactured, deterioration of the via yield is discernible with regards to 
the sample which is not formed with a BCB film on the side surface, and 
deterioration of the via yield is not discernible with regards to the sample 
which is formed with a BCB film in the side surface. 

Thus, without deteriorating wiring performance, improvement on the 
insulation credibiUty between wirings can be achieved, thereby enabhng 
to manufacture a semiconductor product with high yield. 

Hereinbefore, one example of the BCB film by the CVD method is 
I illustrated. 

1 Also, a single layer of Ta or a single layer of TaN can be utiUzed as barrier 

I metal, instead of PVD-Ta / TaN. 

' The wiring structure can be easily confirmed by the product. Organic 

' substance including C as the main component is formed on the side 

' surface of the porous insulation film made of the insulation film including 

' Si, 0 and C. Metal of Ta system is formed so as to contact with the orgamc 

' substance, inside which the wiring structure can be confirmed as a 

' structure including C as the main component. Concretely, the wiring 

' interiayer film can be confirmed by contrast. In addition to TEM, Si, O 

' and C can be confirmed by elemental analysis such as EELS (Electron 

i Energy-Loss Spectroscope) and EDX (Energy-Dispersive X-ray 

Spectroscopy). Also, it is possible to specify the organic substance of the 
side surface through confirming C and H by the elemental analysis. Also, 
with regards to the barrier metal of Ta system which contacts on the side 
film, the element Ta (and nitrogen) can be detected by elemental analysis. 
Further, Cu can be detected, because metal including Cu as a mam 



I 
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component Ues inside. Further, in case that the organic substance is a 
BCB film, it is possible to specify elements Si and 0 in addition to C n 
the BCB film, because only the BCB film exists and is substantially 
Umited to itself, in the known fibn with the low dielectric constan . and 
made of organic substance having C as the main component and 
including Si and 0 which enables integration of Cu winng. 

(Second embodiment) 

Then, a wiring structure on the second embodiment of the present 
invention will be described. 

In the wiring structure of the second embodiment of the present invention, 
as illustrated in Fig. 5A. there are laminated on a substrate (not shown^ 
forming a semiconductor device, a via interlay er insulation film IdUl 
made of a third insulation film, a hard mask film 1302 made of a second 
insulation film, a cap film 1303 made of a first insulation film, a porous 
insulation film 1304 and a hard mask film 1302 made of a second 
insulation film, respectively. 

In the description below, the first insulation film, the second insulation 
film and the third insulation film are inscribed on the surface such as a 
cap fihn, a hard mask film and a via interlayer insulation fihn 
respectively, in accordance with each role. 

The hard mask film 1302 is. for example, made of a SiOz film, a SiC film, 
a SiCN film, a SiOCH film and so on. 

The cap film 1303 is made of at least one or more layers of silicon carbide, 
compound of them, organic compound including carbon or hydrogen in 
the compound of them, or compound laminating them, and in some cases 
it may include oxygen. The film 1303 is, for example, made of SiC, SiCN, 
SiNH. SiCNH and so on. 

It is preferable that the porous insulation film 1304 is at least one or 
more porous films including an air hole with a low dielectric constant, for 
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example, the relative dielectric constant being 2.0 to 3.0 The typjc^ 

example's of such films are a HSQ ^^-i^- S'-f^^™^ IPS™ 
(Methyl Silsesquioxane) film (for example, JSR LKD™, ALKAl- :<fj= ■ 
HOS^) an organic polymer film (SiLK™, Flare™), or SiOH, S.OC (for 
Buck Slond™, COEAL™, AuroraULK™, Orion™ and so orO, 
or an insulation film including organic substance in them, or a film wi* 
the porosity rate increased by adjusting the forming condition, lor 
example, the substrate temperature or composition of the raw matenalm 
case that the porosity rates of those fihns are less than ttie desired values^ 
According to need, in the porous insulation film 1304. there may be 
laminated or inserted, or may have a compositional disteibution ui the 
direction of the fihn thickness on the upper or lower surfaces, such as a 
thin silicon oxide film, a siUcon nitride film, a silicon carb.de film or a 
silicon carbonitride film. 

It is preferable that the via interlayer insulation film 1301 is at least one 
or more films with a low dielectric constant, for example, the relative 
dielectric constant heing 2.0 to 3.0. However, the via interlayer insulation 
film 1301 is not necessary to be porous in case that enough low 
capacitance between wirings can be obtained by the porous insulation 
film 1304. The typical examples of the via interlayer insulation film IdOl 
are a HSQ (hydrogen Silsesquioxane) film, a MSQ (Methyl 
Sisesquioxane) film (for example, JSR-LKD™ ALKAP- IPS™. 
HOSPTM) an organic polymer film (SiLK™, Flare™), or SiOH, SiOC (for 
example, Black DiamondTM. CORALTM, AuroraULK™, Orion™ and so oi^. 
or an insulation film including organic substance in them, or a film with 
the porosity rate adjusted by adjusting the forming condition, for example, 
the substrate temperature or composition of the raw material in case that 
the porosity rates of those fihns are not the desired values. 

Then as iUustrated in Fig. 5B. a damascene wiring trench 1306 is formed 
in the interlayer insulation film using photo resist and reactive ion 
etching. 

Then, as illustrated in Fig. 5C, an insulation barrier layer 1307 is formed 
on whole surface, namely, the upper surface of the hard mask 1302, the 
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Side surface of the wiring trench 1306 and the upper surface of the cap 
film 1303. 

In the case, the insulation barrier layer 1307 is such as the layer made of 
organic substance, layers made of silicon, carbon and organic substance, 
r Wde of organic substance including Si- 0 bmdmg or orgam 
substance including silicon in the range of 1 atm % to 10 ^^rn AAt^ 
preferable that those include carbon content much more than the content 
of the hard mask film 1302 and the cap film 1303. and mclude silicon 
atoms in the range less than the hard mask film 1302 and the cap film 
1303. 

The BCB is. for example, a BCB film formed the_plasma 
polymerization method using DVS-BCB as the raw material. The BCB 
compound is. for example, a BCB compound formed by mmng BCB 
known in lEDM Processing, 2003, Kawahara et al. ppl43. and etc. with 
two kinds of raw material or more. 

It is better that the thickness of the stacked insulation barrier layer 1307 
is in the vicinity of 0.1 to 100 nm. preferably 1 to 20 nm which prevents to 
extremely narrow the trench width to a fine wiring trench. 

Then, the insulation barrier layer 1307 is etched back, as iUustrated in 
Fig 5D In the case, preferable etching and etching back for controlling 
process performance of the fine wiring are to selectively remove only the 
insulation barrier layer 1307 laid on the bottom of the wjxing trench 
without exposing the upper surface of the porous insulation film 1304. 

The etching back process for the insulation barrier layer 1307 will be 
described in detail from the view points of etching '^te and anisoteopy m 
etching, taking the reactive dry etching by mixed gas of CH2F2 / til 
system, as the example. 

Fig 6A shows the etching direction of the insulation barrier layer 1307.in 
which the Y direction defines the etching rate in the bottom portion of the 
wiring trench, and the X direction defines the etching rate m the side 
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surface. Fig. 6B shows dependency of the etching rate m the direction of Y 
to carbon content in the layer. For example, in case of carbon content of 
the hard mask fihn 1302 with 10 atm % or less and carbon content of the 
insulation barrier layer 1307 with 40 atm % or less, the hard mask fi]^ 
1302 could remain without removing because the etching rate ol the 
insulation barrier layer 1307 easily becomes ten times or more to the rate 
of the hard mask film 1302. Accordingly, the etching can be processed 
without exposing the upper surface of the porous insulation film 1304. 

Further, through including silicon in the insulation barrier layer 1307 
with organic substance, wiring processing can be more precisely 
controlled. Pig. 6C shows dependency of etching rate in the durection ol A 
to siUcon content. However, with regards to etching for removing the 
insulation barrier layer 1307 formed in the bottom of the wiring trench 
the insulation barrier layer 1307 formed in the side surface and in which 
the organic substance does not include sihcon at all, tends to 
unintentionally disappear by side etching because etching rate in the 
direction of X is large. In the case, it is possible to reduce the etching rate 
in the direction of X, and to suppress the side etching by allowing sihcon 
at 3 % to include in the insulation barrier layer 1307. Tb control 
processing performance taking into consideration of both of the etching 
selection rate and the anisotropy in etching, it is required that the 
insulation barrier layer 1307 includes silicon atoms in the range less than 
the hard mask film 1302 and the cap fihn 1303. 

Consecutively, the cap film 1303 in the bottom of the wiring trench is 
etched. In the case, the insulation barrier layer 1307 formed m the side 
surface remains without removing. In the case, because the side surface 
of the porous insulation film 1304 is overlaid by the insulation barrier 
layer 1307, there is no occurrence of malfunction that Cu having fhed in 
all directions in etching penetrates into the porous insulation film 1304. 

In the case, a preferable etching of the cap fihn 1303 for controlUng 
process performance of the fine wiring is to selectively remove only the 
cap film 1303 at the via bottom without removing the insulation barrier 
layer 1307 at the side surface. 
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Here, reactive dry etching by mixed gas of CF4 / Ar / O2 system will be 
described in detail as the example. Fig. 6D shows dependency of etching 
rate to carbon content in the film. For example, in case of carbon content 
of the hard mask film 1302 with 5 atm %, carbon content of the cap film 
1303 with 20 atm % and carbon content of the insulation barrier layer 
1307 with 40 atm %, the hard mask film 1302 and the insulation barrier 
layer 1307 formed in the side wall of the wiring trench could remain 
without removing because the etching rate of the cap film 1303 easily 
becomes ten times or more to the rate of the insulation barrier layer 1307. 

In the case that the cap film 1303 and the hard mask film 1302 are 
wanted to be the same material, the processing configuration can be 
controlled with the conditions that the hard mask film 1302 is larger than 
the cap film 1303 in thickness, or has a structure laminated thereon by 
material lower than the cap film 1303 in carbon content. 

Thus, it is possible to form the insulation barrier layer made of organic 
substance in the side svirface of the wiring trench by controlhng etching 
rate based on carbon quantity included in the insulation barrier layer 
1307. 

From the above mentioned, material of the optimal insulation barrier 
layer 1307 for forming the insulation barrier layer 1307 in the side 
surface of the porous insulation film is the material in which carbon 
content quantity included in the insulation barrier layer 1307 is much 
more than that of the hard mask film 1302 and the cap film 1303, 
respectively. Further, the insulation barrier layer 1307 includes silicon 
atoms in the range less than that of the hard mask film 1302 and the cap 
film 1303, respectively. 

Then, as illustrated in Fig. 5E, after the Cu film is embedded in the 
formed wiring trench, the Cu wiring 1309 overlaid by the barrier metal 
film 1308 is formed by CMP. In the case, for embedding Cu there are used 
such as the PVD method, the lonized-PVD method, the CVD method, the 
plasma CVD method, the electrolyte plating method and non-electrolyte 
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plating method. Any one of them can be used, or any combination of them 
can be utilized. Forming method for Cu does not limit the present 
invention. 

Also, the Cu wiring 1309 is made of metal including Cu as the main 
component, and it may include, according to need, dissimilar metal such 
as Ti, Sn, Zn or AL, or it may be inserted by Ta, Ti, W, Si and nitrogen 
compound of them or laminated films of them(not shown). 

For example, in order to include dissimilar metal into the Cu wiring, 
there is provided a process in which a Cu layer with about 30 to 100 nm in 
thickness is formed as the seed layer, into which dissimilar metal is 
included in advance in the range of 0.1 to 5.0 atm % by the PVD method, 
thereafter embedding Cu using electrolyte plating method, and then 
including Cu into the wiring by heat diffusion. 

The barrier metal 1308 is made of Ta, Ti, W, Si and nitrogen compound of 
them, or laminated film of them (not shown). 

For forming the barrier metal film 1308, any one of the PVD method, the 
lonized-PVD method, the CVD method, the plasma CVD method, the 
heat CVD method and the ALD (Atomic Layer Deposition) method can be 
used because the side surface of the wiring trench is overlaid by the 
insulation barrier layer 1308. Further, a plurality of the forming methods 
can be combined. 

Then, as illustrated in Fig. 5F, the cap film 1303, the via interlayer 
insulation fUm 1301 and the hard mask film 1302 are formed on the 
formed Cu wiring. 

Then, as illustrated in Fig. 5G, the via hole is formed in the interlayer 
insulation film, in which the Cu connecting plug made of the barrier 
metal film 1308 and the Cu fihn 1309 is formed, using photo resist and 
reactive ion etching. 

Then, as illustrated in Fig. 5H, the cap £Qm 1303, the porous insulation 
film 1304 and the hard mask 1302 are formed on the Cu connecting plug 
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by laminating. 

By repeating such a process for forming wiring, the multi-layered wiring 
is formed as illustrated in Fig. 51. Thus, without deteriorating wiring 
performance, improvement on the insulation credibiHty between wirings 
can be achieved, thereby enabling to manufacture a semiconductor 
product with high yield. The credibility to insulation between wirings was 
evaluated with regards to the Cu wiring thus manufactured. There was 

applied an electric field stress of 3.0 MV / cm at the temperature of 125'C 

to the comb like evaluation sample having the wiring distance of 100 nm, 
the facing length of 1 cm and the via hole diameter of 100 nm, so that 
stress time dependency of dielectric breakdown was measured. For the 
use of comparison, there is formed a sample which is not formed with the 
BCB fihn in the side surface. The MTF (Median Time To Failure) of 
insulation hfe was improved about 5 times and the incipient failure 
reduced by forming the BCB film in the side surface. 

The wiring structure can be easily confirmed by the product through the 
same method as described in the first embodiment. 

(Third embodiment) 

Then, a wiring structure on the third embodiment of the present 
j invention will be described. This third embodiment is with regards to a 

modification of the wiring structure shown in Fig. 51 on the second 
' embodiment mentioned above. 

! 

j The wiring structure illustrated in Fig. 7A is the modification of the 

wiring structure of the second embodiment illustrated in Fig. 51. In 
• accordance with the constitution illustrated in Fig. 51, the wiring 

I structure illustrated in Fig. 7A has the constitution in which the 

j nonporous SiOCH fihn (Black Diamond ™) corresponds to the via 

interlayer insulation film 1301, the SiCN film corresponds to the cap film 
' 1303, the porous SiOCH film (Aurora ULK tm) corresponds to the porous 

i insulation film 1304, the Si02film corresponds to the hard mask 1305, 

I 

I 

I 
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and the BCB film corresponds to the insulation barrier layer 1307, 
respectively. The others are so constituted to be identical to the wiring 
structure illustrated in Fig. 51. The corresponding elements between Fig. 
51 and Fig. VAhave the same reference code. The constitution is apparent 
from Fig. 7A, and the detailed explanation is omitted because of almost 
identical to that of the second embodiment. 

The wiring structure illustrated in Fig. 7B is the modification of the 
wiring structure illustrated in Fig. 7A. In accordance with the 
constitution illustrated in Fig. 7A, the wiring structure illustrated in Fig. 
7B has the constitution in which the silicon oxide fihn corresponds to the 
via interlayer insulation film 1301, the SiCN film corresponds to the cap 
film 1303, the porous SiOCH film (Aurora ULK tm) corresponds to the 
porous insulation film 1304, the SiCN film corresponds to the hard mask 
1305, and the BCB film corresponds to the insulation barrier layer 1307, 
respectively. The others are so constituted to be identical to the wiring 
structure illustrated in Fig. 7A. The corresponding elements between Fig. 
7A and Fig. 7B have the same reference code. The constitution is 
apparent from Fig. 7B, and the detailed explanation is omitted. 

The wiring structure illustrated in Fig. 7C is the modification of the 
wiring structure illustrated in Fig. 7A. In accordance with the 
constitution illustrated in Fig. 7A, the wiring structure illustrated in Fig. 
7C has the constitution in which the hard mask film 1305 is removed by 
polishing in processing of the Cu-CMP. The others are so constituted to be 
identical to the wiring structure illustrated in Fig. 7A. The corresponding 
elements between Fig. 7A and Fig. 7C have the same reference code. The 
constitution is apparent from Fig. 7C, and the detailed explanation is 
omitted. 

The wiring structure illustrated in Fig. 7D is the modification of the 
wiring structure illustrated in Fig. 51. In accordance with the constitution 
illustrated in Fig.5I, the wiring structure illustrated in Fig. 7D has the 
constitution in which the porous SiOCH film corresponds to the via 
interlayer insulation film 1301, the SiCN film corresponds to the cap fihn 
1303, the porous SiOCH film (Aurora ULK ™) corresponds to the porous 
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insulation film 1304, the Si02 film corresponds to the hard mask fihn 
1305 and the via portion corresponds to the insulation barrier layer 1307. 
The others are so constituted to be identical to the wiring structure 
illustrated in Fig. 51. The corresponding elements between Fig. 7D and 
Fig. 51 have the same reference code. The constitution is apparent from 
Fig. 7D, and the detailed explanation is omitted. 

The wiring structure iUustrated in Fig. 7E is the modification of the 
wiring structure illustrated in Fig. 7B. In accordance with the 
constitution iUustrated in Fig.7B, the wiring structure illustrated in Fig. 
7E has the constitution in which the hard mask film 1305 is eUminated. 
The others are so constituted to be identical to the wiring structure 
illustrated in Fig. 7B. The corresponding elements between Fig. 7E and 
Fig. 7B have the same reference code. The constitution is apparent from 
Fig. 7E, and the detailed explanation is omitted. 

The wiring structure illustrated in Fig. 7F is another modification of the 
wiring structure iUustrated in Fig. 7B. In accordance with the 
constitution Ulustrated in Fig.7B, the wiring structure iUustrated in Fig. 
7F has the constitution in which the hard mask film 1305 is ehminated. 
The others are so constituted to be identical to the wiring structure 
illustrated in Fig. 7B. The corresponding elements between Fig. 7F and 
Fig. 7B have the same reference code. The constitution is apparent from 
Fig. 7F, and the detailed explanation is omitted. 

With regards to the semiconductor device thus formed, leakage current 
between wirings is measured, and as the result there was no leakage 
current observed in the semiconductor device of the embodiments 
illustrated above. 

(Fourth embodiment) 

Then, a wiring structure on the fourth embodiment of the present 
invention will be described. In the fourth embodiment the first insulation 
film and the second insulation film are made of the same material. 
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As iUustrated in Fig. 8A, there is formed the via interlayer insulation film 
2001 made of the third insulation fdra on a substrate (not shown) forming 
a semiconductor element. On the via interlayer insulation film 2001 there 
are laminated the etch stop film 2002 made of the fourth interlayer 
insulation film with 30 nm, the porous insulation fihn 2003, the second 
insulation film 2004 and the fifth interlayer insulation film 2005. 

In the description below, the first insulation film and the fourth 
insulation film are inscribed on the surface such as a cap fihn and an etch 
stop film respectively, in accordance with each role. 

In the case the etch stop film 2002 and the fifth interlayer insulation film 
2005 are Si02 formed by the CVD method. The porous insulation film (the 
film with a low dielectric constant) 2003 is the porous SiOCH fihn 
(Aurora ULK ™) having the relative dielectric constant of 2.5 formed by 
the CVD method. The second insulation film 2004 is the SiCN film 
formed by the CVD method. In this embodiment there is provided with a 
lamination hard mask structure in which the fifth interlayer insulation 
film 2005 lies on the second insulation fihn 2004. The fifth interlayer 
insulation film 2005 is utihzed as a dummy layer so that the process 
controllability is improved, and a wiring structure can be achieved with 
the same material for the first insulation fihn and the second insulation 
film 2004. 

Then, as illustrated in Fig. 8B, a damascene wiring trench 2006 is formed 
in the interlayer insulation film using photo resist and reactive ion 
etching. 

Then, as illustrated in Fig. 8C, an insulation barrier layer 2007 made of 
the BCB is formed on whole surface, namely, the upper surface of the 
Si02 film 2005, the side and the bottom surfaces of the wiring trench 
2006. 

Then, as illustrated in Fig. 8D, the BCB film 2007 is etched back and the 
wiring trench 2008 is opened using the method described above in the 
first embodiment. In the case, the BCB film 2007 formed in the side 
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surface of the damascene wiring trench 2006 remains without removmg. 
Also in the case the second insulation film 2004 remains without 
removing because it is protected by the fifth interlayer insulation fihn 
2005. 

Then, as illustrated in Fig. 8E, the Cu fihn 2010 is embedded, which is 
enclosed by the Ta / TaN barrier metal 2009. In the case, the method of 
embedding Cu is such that the Cu film with 100 nm formed as a seed 
layer by the PVD method is embedded using the MOCVD method. 

Consecutively, surplus Cu fihn 2010 is removed by the CMP method. In 
the case, the SiCN film 2004 which is the second insulation fihn functions 
as a protecting fihn when removing the surplus Cu film, thereby 
preventing exposure of the porous insulation film (Aurora ULK ™) 2003. 

Then, as illustrated in Fig. 8F, consecutively a SiCN film 2011 which is 
the first insulation film is formed with 50 nm, thereby achieving the 
damascene Cu wiring. In the case, the insulation credibihty between 
I wirings can be elevated because the second insulation film 2004 and the 

I SiCN film 201 1 of the first insulation film are made of the same SiCN. 

j (Fifth embodiment) 

i Then, a wiring structure on the fifth embodiment of the present invention 

will be described. In the fifth embodiment the etch stop film and the via 
interlayer insulation film are made of the same material. 

As illustrated in Fig. 9A, on the substrate (not shown) forming a 
semiconductor element there is formed a first Cu film 2901 on which a 
SiCN film 2902 is formed. Further, there is laminated a via interlayer 
insulation film 2903 on the SiCN film 2902, and there is deposited a 
porous insulation film 2904 on the via interlayer insulation film 2903. 
Then, there is formed a SiOa film 2905 on the porous insulation film 2904. 

In this embodiment, carbon content quantity included in the via 
interlayer insulation film 2903 is controlled so that a selection ratio for 
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etching can be secured without inserting the etch stop fihn. 

The via interlayer insulation film 2903 is made of nonporous material 
with a relative dielectric constant in the vicinity of 3.0, for example, such 
as Si02, HSQ and SiOCH (Black Diamond ™and so on), and the porous 
insulation fihn 2904 is such as, for example, a porous SiOCH film or an 
insulating thin film including organic substance therein. 

Then, as illustrated in Fig. 9B, a dual damascene wiring trench 2906 is 
formed in the interlayer insulation fihn using photo resist and reactive 
ion etching. 

Then, as illustrated in Fig. 9C, an BCB film 2907 of the insulation barrier 
layer' is formed on whole surface, namely, the upper surface of the Si02 
film 2905, the side surface of the wiring trench 2906 and the upper 
surfaces of the cap film 2902 and the via interlayer insulation fihn 2903. 

Then, as illustrated in Fig. 9D, the BCB film 2907 is etched back and 
then the cap film 2902 is etched, as illustrated in Fig. 9E. In the case a 
preferable etching of the cap film 2902 for controlhng process 
performance of the fine wiring is to selectively remove only the cap film 
2902 at the via bottom without exposing the upper surface of the porous 
insulation film 2904. 

Material for the optimal insulation barrier to form the insulation barrier 
layer in the side surface of the porous insulation film is the material in 
which carbon content quantity included in the insulation barrier layer is 
much more than that of the hard mask film 2906, the via interlayer 
insulation film 2903 and the cap film 2902, and which is able to elevate 
the selection ratio in etching. In this embodiment case, carbon content 
quantity included in the via interlayer insulation film 2903 is reduced, so 
that the selection ratio in etching can be secured even in the absence of 
the etch stop film. 

Then, as illustrated in Fig. 9F, a second Cu fiilm is embedded in the 
formed wiring trench, and a Cu wiring 2909 is formed, which is enclosed 
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by the barrier metal 2908. In the case, the lamination layer of PVD-Ta / 
TaN is utilized as the barrier metal 2908. 

The wiring is formed using the method of embedding Cu in which a Cu 
seed layer including Al of 0.1 to 1.0 wt % by the PVD method is formed, 
then Cu is embedded on the whole surface and then surplus Cu and the 
barrier metal is removed by the method of Cu-CMP. 

Thus, without deteriorating wiring performance, the elevation on the 
insulation credibility between wirings can be achieved, thereby enabling 
to manufacture a semiconductor product with high yield. 

(Sixth embodiment) 

Then, a wiring structure on the sixth embodiment of the present 
invention will be described. In the sixth embodiment, the effect of 
protecting the porous fihn through Benzo Cyclobutene is confirmed. 

The experimental result in the lamination films will be explained in case 
that the insulation barrier layer inserted between the metal wiring and 
the interiayer insulation film is the Benzo Cyclobutene (BCB) film formed 
by the plasma polymerization method, which is above described in the 
first to fifth embodiments. 

Fig. lOA shows the structure in which only porous SiOCH film is formed 
on the silicon substrate by the CVD method. Fig. lOB shows the structure 
in which Cu is formed on the porous SiOCH film by the MOCVD method. 
Fig. IOC shows the structure in which the BCB film with the film 
thickness of 7 nm formed by the plasma polymerization method is 
inserted between the MOCVD. Cu and the porous SiOCH film. 

The Cu film with 300 nm in film thickness is formed under the conditions 

that the substrate temperature is 200 and the pressure is 100 Pa, 

utilizing Cupraselect brend ™ as the raw material for the MOCVD-Cu 
and hydrogen as the carrier gas. To evaluate severely the porous SiOCH 
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film with regards to any samples, heat treatment, after forming the 
sample, was made in the atmosphere of nitrogen for 30 minutes at the 

temperature of 360 *C . 

Fig 11 shows the result of measurement with regards to leakage current 
of each sample corresponding to the Fig. lOA to Fig. IOC. In the structure 
illustrated in Fig. lOA, the film leak level is achieved low enough. On the 
contrary in the structure illustrated in Fig. lOB in which the MOCVD-Cu 
is formed directly on the porous SiOCH film, the leak level rises 
remarkably so that insulation property deteriorates. In the structure 
illustrated in Fig. IOC in which the BCB film of the insulation barrier is 
inserted between the porous SiOCH film and the MOCVD-Cu, the fihn 
leakage current is achieved low enough corresponding to the structure 
illustrated in Fig. 1 OA without rising. 

Further, according to the observation of the cross section of the sample by 
the transmission electron microscope (TEM), in the structure illustrated 
in Fig. lOB, the boundary face is not clear between the porous SiOCH film 
and the MOCVD-Cu. On the contrary, in the structure illustrated in Fig. 
IOC, the BCB fihn with thickness of 7 nm is confirmed, and it is 
confirmed that the layer of the porous SiOCH film and the layer of the 
MOCVD-Cu are clearly separated 

From here onwards, it is apparent that the BCB film prevents raw 
material of the MOCVD-Cu from penetrating into the porous SiOCH film, 
and prevents Cu metal from diffusing to the porous SiOCH film, and 
therefore it can be seen that the BCB film is necessary and sufficient as 
the insulation barrier layer to protect the porous film surface. 

Accordingly, there is no diffusion of the barrier metal to the porous 
SiOCH film even if WN film by the CVD method or TaN film by the 
MOCVD method is utilized instead of this barrier metal, though in the 
above embodiments the PVD-Ta / TaN barrier metal film and so on are 
exampled. It is also apparent that no diffusion of the barrier metal to the 
porous SiOCH fihn is verified by the fact that there was no gas diffusion 
of Cu film by the MO-CVD method. It is preferably apphcable to further 
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miniaturization that good cladding property of the barrier metal leads to 
better embedding. 

Further, the portion can be confirmed by the product. In the WN film, W 
and N can be specified by elemental analysis such as EDX and so on, m 
addition to TEM of the portion. In case of TaN by the MOCVD, C is 
detected in addition to Ta and N. 

(Comparative example l) 

Referring to the drawings, the comparative example 1 will be explained 
below with regards to the embodiments above described of the present 
invention. 

As illustrated in Fig. 12A, there is formed an under layer Cu wiring 
structure made of the porous SiOCH film 1102, the barrier metal film 
1104 and the first Cu wiring 1103, on the SiC film of the substrate (not 
shown) forming a semiconductor element. Further, there are formed the 
cap film 1105 made of SiCN, the porous SiOCH film 1106, the etch stop 
film 1107 and the porous SiOCH film 1108 by laminating thereon. 

Then, as illustrated in Fig. 12B, there are formed a fine pattern using the 
photo lithography process, and a damascene wiring trench 1109 using the 
reactive ion etching and ashing processes. 

Then, as illustrated in Fig. 12C, there is formed the barrier metal film 
1010 made of TaN on the whole surface using the CVD method. In the 
case, the TaN layer easily penetrates into the porous film, because of 
being formed by using gaseous raw material and forms the barrier metal 
layer inside the porous fiilm. There is formed a Cu seed layer thereon by 
the PVD method. Then, there is deposited the Cu film 1111 by the 
electrolyte plating method. 

Then, as illustrated in Fig. 12D, there is formed the multi-layered wiring 
structure by removing the surplus barrier metal and Cu using the CMP. 
According to measurement of performance of the multi-layered wiring 
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thus formed, occurrence of the leakage current is confirmed, which arises 
from the penetration of the barrier metal into the porous fihn. 

(Comparative example 2) 

Referring to the drawings, the comparative example 2 wiU be explained 
below with regards to the embodiments above described of the present 
invention. 

Here, as the comparative example with the present invention, there is 
compared a multi-layered wiring structure in which the cap film made of 
the first insulation film and the hard mask fihn made of the second 
insulation film are not the same material. The forming process of the 
wiring is in accordance with the fourth embodiment illustrated in Fig. 8A 
to Fig. 8F 

Insulation property between the wirings is compared, in which the first 
insulation film corresponds to the SiC film, the SiN film and the SiCN 
film respectively, in case of the SiCN as the second insulation film. 

Fig. 13 shows the comparative result with regards to the incipient 
withstand voltages in those wiring structures. It can be seen that electric 
field is 4 MV / cm in case of the SiCN film, that is relatively high, and 
electric field is 2 MV / cm in case of the SiC fihn and the SiN film, that is 
relatively low. 

Fig. 14 shows the test result witb regards to TDDB (time dependent 
dielectric breakdown) between wirings. The stress of 1.5 MV / cm at the 

temperature of 150 "C is applied to the line space of 140 nm for 500 

hours. Failure occurred in case of using the SiC film and the SiN film. On 
the contrary, there is no failure in case of using the SiCN film. 
Accordingly, an advantage could be confirmed, that the cap film made of 
the first insulation film and the hard mask fihn made of the second 
insulation film are the same. 
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According to the present invention as mentioned above, the insulation 
credibility can be elevated by introducing such a insulation barrier layer, 
in case of partial utilization of the porous insulation film in the interlayer 
insulation film. Accordingly, because the multi-layered wiring with high 
credibility can be formed by holding the capacitance between wirings to 
be low and holding the withstand voltage between wirings to be high, it is 
possible to provide a semiconductor device with high integrated circuit 
and a method for manufacturing the same. 

It is apparent from the foregoing description that in the present invention, 
the insulation barrier layer including organic substance means a barrier 
layer of the type which has insulation and is constituted of material with 
organic substance as the main component, and the barrier layer so 
defined is greatly different from a barrier layer based on the electrically 
conductive material such as metal and so on, for example. 

Possibility of industrial utilization 

The present invention is apphcable to all things, as long as it is concerned 
with a wiring structure and a method of manufacturing the same for the 
multi-layered wirings which is constituted of the trench wiring structure 
utilizing a film having a dielectric constant lower than that of the silicon 
oxidation film as the interlayer insulation film, and accordingly, there is 
no limitation to the possibilities for application thereof. 

Several preferred embodiments were described with regards to the 
present invention. But, those should be interpreted as only the example 
for explaining the present invention by illustrating, and the present 
invention should not be interpreted as any limitations to those 
embodiments It is apparent that many modifications and substitutions 
could be done by a person ordinary skiUed in the art using constituent 
elements and skills equivalent to the present invention, after he knew the 
specification of this invention, and those modifications and substitutions 
are included in the scope and gist of the claims attached. 

What is claimed is^ 



